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In order to elucidate the nature and distribution of the 
pigment responsible for the circumscribed blue-black ' 
cutaneous hyperpigmentation occurring after adminis-
tration of minocycline hydrochloride, transmission elec-
tron microscopy ' and energy-dispersive electron x-ray 
microanalysis were performed on lesional skin. llitra-
.. structural observations demonstrated electron-dense 
iron-containing particles either incorporated into a va-
riety of siderosomes, within dermal histiocytes, free 
within the cytoplasm, or, rarely, scattered among dermal 
collagen fibers. Electron x-ray microanalysis confirmed 
iron content present within these particles. Although 
siderosomal inclusions contained occasional melano-
some complexes, the degree of deposition of electron-
dense iron-containing particles in dermal histiocytes 
seemed to be primarily responsible for the blue-black 
discoloration of the skin. The present study is an inves-
tigation of the structure and composition of the pigment 
responsible for minocycline-related cutaneous hyperpig-
mentation. 
Long-term and high-dose administration of minocycline hy-
drochloride (Minocin), a semisynthetic derivative of tetracy-
cline, is know~ to cause blue or blue-black regions of circum-
scribed hyperpigmentation, predominantly affecting the skin of 
the lower extremities and atrophic scars [1-6]. This pigmentary 
disorder does not appear to be due to dermal hypermelanosis 
secondary to epidermal melanin incontinence, but rather is 
believed to be the consequence of accumulation within dermal 
histiocytes of particulate material which exhibits histochemical 
features of iron pigment. The first ultrastructural description of 
minocycline-related cutaneous hyperpigmentation was pro-
vided by Basler and Kohnen in 1978 [1]. They observed a case 
with blue-black pigmentation in areas of previous acne scars. 
These pigmented regions had evolved during the course of long-
term minocycline therapy for acne vulgaris. In biopsy specimens 
of the affected skin, both intra- and extracellular deposition of 
ferritin and hemosiderin were found in the dermis. However, 
more detailed information regarding the structure and specific 
composition of the dermal pigment responsible for the cuta-
neous discoloration is needed. To further elucidate the patho-
genesis of this cutaneous disorder, lesional skin from a patient 
with hyperpigmentation consequent to minocycline administra-
tion was examined with transmission electron microscopy and 
energy-dispersive electron x-ray microanalysis. 
Hemosiderin was the term ftrst introduced by Neumann in 
1888 to designate brown intracytoplasmic particles visible with 
light microscopy. Review of the contemporary literature makes 
apparent the confusion in terminology for this iron-containing 
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pigment seen at the electron microscopic level. U ltrastruc-
turally, hemosiderin is a membrane-bound vacuolar structure 
composed of a collection of closely packed, fine particles of high 
electron scattering power, each measuring 50-60 A in diameter. 
This monoparticulate material has been variously called ferri-
tin, ferritin aggregate, or even hemosiderin. The terms sidero-
somes [7] and electron-dense iron-containing particles (ED-
ICP) [8,9] are used in this report to refer to phagocytic vacuoles 
and to the iron-containing monoparticulates incorporated 
within them. 
MATERIALS AND METHODS 
The patient studied was a 16-yr-old white male with a 3-yr history 
of nodulocystic acne treated previously with topical erythromycin, 10% 
benzoyl peroxide, and 2 gm of tetracycline per day. Although some 
improvement was noted on tetracycline, poor tolerance necessitated 
discontinuance of this drug and the institution of minocycline, 100 mg 
p.o., twice daily. Within 6 mo, mild improvement was observed, and 
the minocycline was increased to 100 mg p.o., 3 times daily. Approxi-
mately 8 mo after the start of minocycline therapy, the patient's mother 
noted discoloration on his ankles which she attributed to "bruises." 
During the next 6 to 8 mo, additional blue-brown macules appeared on 
the feet and lower legs. At this time the patient was examined and 
found to have gray-brown macular hyperpigmentation involving the 
knees, ankles, dorsum of the feet (Fig 1) , palate, and nail beds, as well 
as a generally "muddy" complexion. Routine hematological and chem-
ical investigations of blood were normal. There was a past history of 
treatment with dilantin, phenobarbital, valproic acid, and lithium in 
various doses and combinations for an idiopathic seizure disorder. 
Minocycline was discontinued, and gradual fading of the hyperpig-
mentation was observed, beginning with the oral and nail-bed involve-
ment and the generalized "muddy" complexion. This was followed by 
a steady decrease in the intensity of the hyperpigmented macules over 
the lower extremities. Phenobarbital was discontinued later in the same 
month, subsequent to initial fading of hyperpigmented regions, and 
lithium was eventually tapered and discontinued. 
Tissue Preparation 
Biopsy specimens of lesional skin from the lower leg and from control 
skin were subdivided and processed for routine paraffin histology or for 
I-micrometer section and electron microscopic examination. Paraffin-
embedded tissue was stained with hematoxylin and eosin and the 
Gomori stain for iron. Tissue for I-micrometer sections and electron 
rriicroscopy were fIxed in Karnovsky's solution with cacodylate buffer 
at pH 7.4 for 2 hr. After washing in the buffer, the specimens were 
postfixed in 2% osmium tetroxide adjusted to pH 7.4 with the buffer for 
2 hr. They were dehydrated in increasing concentrations of ethanol, 
passed through propylene oxide, and then embedded in Epon 812. One-
micrometer thin sections were cut with glass knives, stained with 
alkaline Giemsa reagent and examined with a light microscope. Ultra-
thin sections approximately 900 A in thickness were cut on a Porter-
Blum MT -2 ultramicrotome. Both unstained sections and thin sections 
stained with uranyl acetate and lead citrate solutions were prepared for 
conventional transInission electron microscopy. For x-ray Inicroanaly-
sis, unstained thin sections mounted on unsupported 200-mesh copper 
grids were coated with carbon. 
Instruments and Conditions of Operation 
The transmission electron microscope was a Siemens Elmiskop 1 
operated at an accelerating voltage of 80 kV. The analytical electron 
Inicroscope was a Hitachi H 600 equipped with an energy-dispersive 
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Kevex 7000 Q x-ray spectrometer system. Accelerating voltage of 100 
kV was used throughout this study. In addition to line and point 
analysis of iron, the iron distribution pattern over chosen fields was 
also surveyed in full line scanning. All data were displayed on a cathode 
ray tube and recorded photographically with Polaroid film. 
RESULTS 
Light Microscopy 
Routinely processed tissue revealed a scant infIltrate of 
mononuclear cells in the upper dermis. Stains for iron revealed 
faintly positive intracellular granules in superfIcial perivascular 
foci. One-micrometer sections demonstrated dark-staining par-
ticulate material within histiocytes surrounding superfIcial ven-
ules and arterioles (Fig 2). 
Electron Microscopy 
Ultrastructurally, the lesional skin showed normal cellular 
and architectural integrity of the epidermis, dermoepidermal 
junction, and of basal lamina. In comparison to the control skin, 
the interfollicular melanocytes of the lesional epidermis ex-
hibited features suggestive of active melanogenesis such as well-
developed Golgi apparati, rough-surfaced endoplasmic reticula, 
mitochondria, ribosomes, as well as melanosomes in various 
developmental stages. The keratinocytes of the lower layers 
contained a slightly increased number of melanosomes. In the 
papillary dermis of both control and lesional skin, the dermal 
histiocytes phagocytized only a small number of melanosomes 
in the form of complexes (Fig 3). The principal ultrastructural 
basis for the clinically observed blue cutaneous hyperpigmen-
tation was the presence of pigment-containing histiocytes dis-
tributed within the deeper layers of the lesional dermis (Fig 4-
7). These histiocytes frequently surrounded small blood vessels 
and contained innumerable electron-dense, fme particles mor-
phologically identical to the EDICP. The EDICP were predom-
inantly accumulated in phagocytic vacuoles formed by a single 
membrane. These structures were therefore compatible with 
FIG 1. Clinical photograph of dorsum of foot, showing macular 
hyperpigmentation subsequent to minocyc1ine therapy. 
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FIG 2. Light micrograph of I-micrometer plast ic-embedded section. 
Note numerous perivascular histiocytes containing darkly-stained par-
ticulate material (arrows) ; small blood vessel (V) , (alkaline Giemsa, x 
1,600). 
siderosomes. Associated with the EDICP, amorphous, irregu-
larly shaped structures of medium- to high-electron density 
were frequently encountered (Fig 4,5). The uniform and ho-
mogeneous electron density of these bodies did not suggest a 
structural relationship to the EDICP. In an attempt to obtain 
a convincing profJ.le of the EDICP, the unstained thin sections 
were subjected to transmission electron microscopy. This ex-
amination technique clearly demonstrated the image of individ-
ual EDICP against an electron lucent background, even when 
the EDICP were closely aggregated or superimposed upon each 
other within the siderosomes. In addition, nonmembrane-bound 
EDICP dispersed throughout the cytoplasm of the histiocytes 
were :readily visible. It is noteworthy that the EDICP deposition 
was not identified within the Golgi apparatus, endoplasmic 
reticulum, and in mitochondria. On rare occasions, disseminat-
ing EDICP were observed within the fIbrous component of the 
connective tissue. . 
Of particular significance in this approach was the easy 
confirmation of the complex nature of the pigmented materials 
stored in the siderosomes. The pigment consisted of the EDICP 
along with dense bodies which were revealed as vaguely defIned, 
amorphous, slightly osmiophilic granules, and of small numbers 
of melanosome complexes. Depending upon the engulfed ma-
terials, the siderosomes were divided into at least 3 major 
varieties: solitary, compound, and complex (Fig 6,7). Solitary 
siderosomes were ovoid in shape, varied in size, and their 
inclusions consisted almost entirely of uniformly distributed 
EDICP. Compound siderosomes were slightly larger and irreg-
ular in outline, and the inclusions contained more densely 
packed EDICP than did the solitary siderosomes. Compound 
siderosomes appeared to result from conglomeration and con-
densation of 2 or more previously formed solitary siderosomes. 
In complex siderosomes, varying amounts of iron-free material 
similar to dense bodies, melanosomes, and lipid droplets were 
present in addition to the aggregated EDICP. In conjunction 
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FIG 3. E lectron micrograph of dermo-epidermal junction of lesional skin. Interfollicular melanocyte (M) protrudes in to dermis, and its 
perikaryon contains deve loped in tracytoplasmic organelles and melanosomes (inset). Histiocyte (In in papillary dermis contains small mela nosome 
complexes. Scale bar = 1 iJ. (x 4,900, inset x 15,000) . 
FIG 4. Electron micrograph of small blood vessel sW'l'Ounded by histiocytes (H) . Endothelial cells (E) are in tact, bu t pericytes (P) have many 
dense bod ies Inset shows part of cytoplasm of histiocyte which contains siderosomes (arrow heads) and melanosome complex (arrow) . Scale bar 
= 1 iJ. (x 6,500, inset x 15,000). 
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FIG 5. Electron micrograph showing portion of histiocyte (H) . Most of siderosomes are of the complex form consisting of EDICP and dense 
bodies. Free occurring EDICP in cytoplasm are identifiable. Scale bar = 1 P. (x 23,000). 
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FIG 6. High power electron micrograph from unstained thin section showing 3 siderosome forms. S: solitary, PD: compound, PX: complex. 
Note free EDICP within cytoplasm of histiocyte. Scale bar = 1 P. (x 30,000). 
with t he data obtained from the stained thin sections, the 
majority of complex siderosomes were found to contain con-
densed EDICP associated with the dense bodies. Although the 
iron-free dense bodies were electron dense in stained thin 
sections, these structures in unstained sections were observed 
as a less electron dense, homogeneous mass, and therefore 
seldom confused with larger deposits of condensed EDICP. 
Dermal small blood vessels appeared relatively unaltered, 
although pericytes frequently contained multiple dense inclu-
sions (Fig 4,8,9). These inclusions were larger in size, often 
measuring up to 1.5 fl in diameter. The periphery of the dense 
bodies was formed by a membrane structure, and the central 
inclusion consisted of condensed opaque material almost devoid 
of EDICP. The cytoplasm of these pericytes furthermore con-
tained solitary or multiple coalescent small vacuoles filled with 
granular materials (Fig 8). 
X-ray Microanalysis 
Assessments in line, point, and plane analysis over sidero-
somes unequivocally demonstrated X-ray energy specific for 
iron, emitted by K-alpha at 6.398 keY and K-beta at 6.7057 keY 
(Fig 10-13). In plane analysis (Fig 11), increased signal density 
FIG 7. High ·power electron micrograph of large complex siderosome (PX) seen in unstained thin section. This is composed of scattered EDlCP, 
melanosomes, and moderately electron dense amorphous material. G: Golgi apparatus, m : mitochondrion. Scale bar = 1 Jl (x 30,000). 
FIG 8. Electron micrograph showing portion of pericyte (P). Cytoplasm contains large and small dense bodies. E: endothelial cell. Scale bar 
= 1 Jl. (X 24,0(0). 
FIG 9. Electron micrograph of large dense body in pericyte (P). This consists of electron dense, highly condensed material arranged in 
concentric fashion. Arrows show membranous structure delimiting the inclusion. Scale bar = 1 Jl (x 24,000). 
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for iron K-alpha showed not only intimate correlation to sid-
erosomes revealed by scanning transmission electron micros-
copy (STEM) (Fig 10), but also to line analysis for iron done on 
the identical field (Fig 10). Back-scattered iron signals, either 
over cytoplasmic matrices or in extracellular loci, were thought 
to be generated from the disseminating EDICP. Because of the 
low resolution power of STEM, however, there were difficulties 
in ascertaining whether every iron signal on the distribution 
maps corresponded to individual EDICP. Spectra obtained 
from microareas over siderosomes consistently yielded promi-
nent iron peaks with a simultaneous low peak for sulfw' (Fig 
12) while microanalysis over cytoplasm of histiocytes and con-
nective tissue matrices exhibited no remarkable iron and sulfur 
peaks (Fig 13). A series of x-ray spectrographs also included the 
low peaks from osmium, phosphorus, a,1d chloride as well as 
prominent peaks from copper. These were ascribed to the 
chemicals used in the fixative, buffer, and embedding media, 
and to copper grids supporting the thin sections. 
DISCUSSION 
The fmdings with transmission electron microscopy of the 
lesional skin are summarized as follows: (1) the elucidation of 
the EDICP accumulated within the siderosomes and distrib-
uted individually in the intra- and extracellular sites of the 
dermis, (2) characterization of the complex nature of the side-
rosomal inclusions, consisting of an admixture of the EDICP, 
iron-free dense bodies, and melanosomes, in that order of fre-
quency, and (3) confIrmation of the 3 varieties of siderosomes, 
which included complex, compound, and solitary siderosomes, 
in that order of frequency. X-ray microanalysis applied to this 
study has been especially beneficial for characterization of the 
elemental composition of localized deposits within cells and 
FIG 10. Scanning transmission electron micrograph superimposed 
with X-ray spectrum for iron K-alpha during line analysis. Prominent 
iron peaks are present over siderosomes. Two points shown as a and b 
on analysis line are microareas selected for point analysis, the corre-
sponding x-ray spectrographs for these points are illustrated in Fig 12 
and 13 (x 15,000). 
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FIG 11. X-ray distribution map for iron K-alpha over identical field 
shown in Fig 10. Siderosomes stand out clearly with dense iron signal 
distribution (white dots) (x 15,000). 
tissues [10-13]. In the present study, line, point, and plane x-
ray microanalytical assessments all confIrmed the presence of 
x-ray energy specific for iron generated from the EDICP a ccu-
mulated within the siderosomes or dispersed in extrasideroso-
mal loci. The results reported herein, therefore, corroborate 
and extend previous observations of this disorder [4,5], which 
suggest that dermal deposition of iron is responsible for cuta-
neous hyperpigmentation after minocycline administration. 
Previously, the distribution patterns of the EDICP in drug-
related mucocutaneous hyperpigmentation have not been de-
scribed in detail [1,14]' According to Basler and Kohnen [1], 
aggregated coarse granular hemosiderin was reported to be 
dispersed freely within dermal histiocytes, but not limited by a 
lysosomal membrane. The electron micrographs in their report 
show enormous amounts of hemosiderin and ferritin in the 
cytoplasm of histiocytes, and it seems plausible that overloaded 
indigestible material in phagocytic vacuoles may eventuate in 
rupture of the membrane structure, possibly leading to cytotox-
ity [15]. Leigh et al [14] who assessed the ultrastructure of 
mepacrine hyperpigmentation due to iron deposition in a pa-
tient with systemic lupus erythematosus, reported that hemo-
siderin was found exclusively within the phagocytic vacuoles of 
the dermal histiocytes. In the present study, on the other hand, 
the EDICP were found to accumulate in high concentrations in 
the siderosomes; also, disseminated EDICP were concurrently 
encountered in extrasiderosomal sites. These observations 
showed a normal integrity of siderosomal membrane, and the 
abundance of siderosomes did not correlate with a paucity of 
intracytoplasmic organelles or give evidence of cellular degen-
eration. 
At the present time, extravasated erythrocytes are generally 
accepted as the principal sow'ce of EDICP deposition [15]. 
Nevertheless, the specimens examined did not contain foci of 
hemorrhage, features of vascular wall injury, or lipid droplets 
derived from the cholesterol-rich membrane of extravasated 
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FIG 12. X-ray spectrograph taken from micro area over s iderosome 
(point a on analysis line in Fig 10) shows prominent iron K-alpha (FE, 
left) and K-beta (FE, right) peaks and low peak generated from sulfur 
(S). CU: peaks from copper, as: peak from osmium. 
FIG 13. X-ray spectrograph taken from microarea over extracellular 
space (point b' on analysis line in F ig 10). No apparent iron and sulfur 
peaks are present. CL: chlorine peak, CU: .copper peaks, as: osmium 
peak. 
erythrocyte to support the hypothesis of hematogenous origin 
of the EDICP. The relationship of the dense inclusions in the 
pericytes to potential functional impairment is obscure at pres-
ent. 
The iron-free dense bodies often found in the complex sid-
erosomes may play some role in the etiology of der'mal pigmen-
tation. This assumption is suggested by ultrastructural obser-
vations of melanosis coli performed by Ghadially and Parry 
[16]. This clinical condition is characterized by abnormal brown 
or black pigmentation of colonic mucosa; colonic epithelial cells 
and submucosal histiocytes aI'\,! filled with innumerable mem-
Vol. 77, No.3 
brane-bound dense bodies believed to represent lipofuscin pig-
ment. No mention has been made in recent studies of drug-
related hyperpigmentation [1,14] of the occurrence 01' patho-
genic significance of melanosomes contained within sidero-
somes. In the present study, small quantities of melanosomes 
were consistently observed in siderosomes, and nonspecific 
minimal epidermal pigmentary incontinence could account for 
this observation. It is most likely that the occurrence of mela-
nosomes plays at most a minor role in the production of the 
blue-black cutaneous discoloration in minocycline-related hy-
perpigmentation. 
It is an intriguing fmding in x-ray microanalysis that the 
presence of x-ray energy for sulfur was always confIrmed over 
the siderosomes. Similar observations have been reported by 
Leigh et al [14] in mepacrine hyperpigmentation of the skin. 
These authors postulated that a sulfur-rich protein or mepa-
crine accumuiation as a sulfated derivative might be present 
along with iron residues within the siderosomes. Their argu-
ment seems to be reasonable because the dense bodies are most 
frequently present in siderosomes, and because chemical forms 
proposed for iron-residue in cell and tissue include ferric hy-
droxide, hydrated ferric oxide and ferric phosphate, all devoid 
of sulfur [15]. 
In summary, the prsent ultrastructural and x-ray microanal-
ytical studies of minocycline-related blue-black pigmentation of 
the skin have shown that the EDICP accumulate in lesional 
dermal histiocytes along with dense bodies and small quantities 
of melanosomes. The findings reported herein support the 
concept that the EDICP are primarily responsible for the 
clinically observed cutaneous hyperpigmentation. Since light 
reflected from dermal pigment characteristically shows a bluish 
hue, the localization of pigment within cells in the dermis as 
documented by various ultrastructural techniques in the pres-
ent study correlates with the observed blue-gray cutaneous 
discoloration. Minocycline hydrochloride is presently an anti-
biotic in wide clinical use in the management of numerouS 
infectious conditions. However, reported cases with the char-
acteristic skin lesions l:\l'e exceptionally rare. The appearance of 
this type of adverse drug reaction is probably related to pro-
longed, continuous administration of high doses of the drug, or 
to an underlying predisposition of some individuals to develop 
abnormal pigmentation subsequent to drug administration. The 
relationship of the evolution and clinical appearance of this 
cutaneous hyperpigmentation to metabolism and distribution 
of minocycline is a subject for further investigation. 
The authors wish to acknowledge Michael Pugliese, M.D., who 
provided valuable clinical data, and Sadahiko o karnUl'a , Ph.D., for 
expert technical assistance. 
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Announcement 
The Stanford University Department of Dermatology will offer a "Mycology Review" on October 9 and 
10, 1981, at Stanford University Medical Center . This AMA accredited course is designed for residents in 
dermatology and pathology. Sessions will include lectures covering superficial and systemic fungi and a 
review of cultures and Kodaduomes of microscopics. Applicants may register for one or both days; 
sessions will begin at 9:00 AM. For information, please contact: Paul H. Jacobs, M.D., Department of 
Dermatology, Stanford University School of Medicine, Stanford, California 94305. 
